Abstract -Aims: In the present study, putative alterations in the serotonin transporter density were evaluated in anterior and posterior insula, posterior cingulate cortex, dorsolateral and dorsomedial prefrontal cortex, hippocampus, parahippocampal gyrus and dorsal raphe nucleus in Cloninger type 1 (n = 9) and type 2 (n = 8) alcoholics and non-alcoholic controls (n = 10). 
INTRODUCTION
Alcohol consumption is one of the leading risk factors for disease worldwide, and alcohol has been considered one of the most harmful substances of abuse to both society and individuals, who consume excessive amounts of alcohol (Nutt et al., 2010; Lim et al., 2012) . Alcoholics are a heterogeneous group, yet Cloninger's typology of alcoholism remains a relatively simple way to divide alcoholics into two subgroups (Cloninger, 1987) . Alcoholism typically starts at an early age (<25 years) for impulsive and antisocial type 2 alcoholics, compared with late onset alcoholism (>25 years) for the socially dependent and anxiety prone type 1 alcoholics. Serotonergic function has an important role in social interactions, which seems to be impaired in alcoholics (Cloninger, 1995; Berglund et al., 2013) .
Recent human neuroimaging studies have associated additional brain areas with alcohol dependence and alcohol-cue reactivity (Jasinska et al., 2014) . These areas include the insular cortex, which has a role in interoception and emotion recognition (Naqvi et al., 2007; Paulus and Stewart, 2014) ; posterior cingulate cortex (PCC), which has been associated with social cognition (Garavan et al., 2000; ; dorsolateral and dorsomedial prefrontal cortices (DLPFC and DMPFC, respectively), which have function in self-regulation and impulse control (Hare et al., 2009; da Silva et al., 2013; Regenbogen et al., 2013; Bruhl et al., 2014) ; and both hippocampus (HIPP) and parahippocampal gyrus (PHG), which are associated with memory and context recognition processes (Mizumori, 2013; Shi et al., 2013; Silk et al., 2013; Zorumski et al., 2014 ).
Cloninger's original hypothesis states that type 1 alcoholics have dopaminergic deficiency, whereas type 2 alcoholics have serotonergic deficiencies (Cloninger, 1987) . The association between type 1 alcoholics and dopamine seems to be true (Tupala and Tiihonen, 2004) , whereas demonstrating putative serotonergic deficiencies has been more challenging (Leggio and Addolorato, 2008) . Both alcoholic groups seem to have decreased serotonin transporter (SERT) densities in the anterior cingulate cortex (ACC) (Mantere et al., 2002) , caudate nucleus (Storvik et al., 2006a) and amygdala (Storvik et al., 2007) , which suggests that decreased SERT levels could be a common finding for alcoholism as a whole, and not specific for type 2 alcoholics. However, to our knowledge, SERT densities have not been measured in type 1 and 2 alcoholics in the insula, PCC, DLPFC, DMPFC, HIPP or PHG.
There are apparent connectivity differences between the anterior and posterior insula (AINS and PINS, respectively) (Cauda et al., 2012; Chang et al., 2013; Sullivan et al., 2013) , which implies that they should be measured separately. Moreover, the dorsal raphe nucleus (DR) is an important serotonergic region, and interactions between DR, cortex and striatum have been associated with reward-seeking behaviour and harm avoidance (Cloninger, 1987; Celada et al., 2013; Nakamura, 2013) .
In the present study, [ 3 H]citalopram was used to measure SERT binding density in post-mortem brain samples from type 1 and 2 alcoholics. In particular, binding density was measured in brain regions that are associated with addiction and social processes; i.e. AINS, PINS, PCC, DLPFC, DMPFC, HIPP, PHG and DR, by using whole-hemisphere autoradiography. Results from other brain regions, from this same sample set, have already been published in several articles (Mantere et al., 2002; Storvik et al., 2006a Storvik et al., ,b, 2007 Storvik et al., , 2008 .
MATERIALS AND METHODS
The methodology of this study has been described earlier (Tupala et al., 2001; Mantere et al., 2002; Storvik et al., 2009 None of the hemispheres exhibited damage or gross neuroanatomical abnormalities, as judged from a series of Nissl stained sections. Medical records on the cause of death, previous diseases, and medical treatments of the controls and alcoholics were also collected.
Diagnostics
Diagnoses were made by two physicians independently of each other. Medical record data were available for all 27 subjects. Mental disorders were coded according to DSM-IV criteria (APA, 1994) , and alcoholic subjects were sub-classified as type 1 or 2, according to criteria established by Cloninger, which closely resembles the Babor and Early/Late onset typologies (Cloninger, 1987; Leggio et al., 2009 ). The kappa coefficient of diagnostic agreement for the subjects was 0.9; i.e. one type 2 alcoholic was diagnosed as a type 1 alcoholic by the other physician. Otherwise, diagnoses were unanimous. The most important criteria for defining the two groups of alcoholic subjects were early onset (before the age of 25) of alcohol abuse and documented severe antisocial behaviour among the type 2 alcoholic subjects. Subjects having psychotic disorders or any neurological diseases (such as epilepsy), or those taking medication that could affect the CNS (such as neuroleptics or antidepressants, including the SSRIs) were excluded. A history of tobacco smoking and years of abuse, based only on medical records, were considered unreliable and were not included in the final criteria.
Study subjects
All 27 subjects were Finns. The study groups consisted of type 1 alcoholics (N = 9, seven men and two women; age: mean = 52.7 years, SD = 12.4; post-mortem delay (PMI): mean = 11.9 h, SD = 4.5); type 2 alcoholics (N = 8, all men; age: mean = 34.6 years, SD = 12.2; PMI: mean = 14.1 h, SD = 3.4); and nonalcoholic controls (N = 10, eight men and two women; age: mean = 53.5 years, SD = 10.7; PMI: mean = 14.8 h, SD = 9.2) ( Table 1 ). All of the controls were free of a psychiatric diagnosis. Intervals between death and autopsy were not significantly different between the groups (P = 0.62-0.98, Scheffe's test for multiple comparisons, two-tailed). Six of the eight type 2 alcoholics had a criminal record or a history of violent offences (physical or sexual). Alcoholism in both type 1 and type 2 groups was severe, as judged by frequent admissions to emergency stations and doctors' appointments due to alcohol-related problems. Two of the type 1 alcoholics had traces of diazepam in their blood samples. Three of the type 2 alcoholics had traces of benzodiazepines. One type 2 alcoholic tested positive for cannabinoids by radioimmuno assay, which was not confirmed by a more definitive test and could have been a false positive for ibuprofen. All subjects died of sudden causes.
Cryosectioning and autoradiography were performed at the School of Pharmacology and Toxicology, University of Eastern Finland, Kuopio, Finland, as previously described in Mantere et al. (2002) . Individual variations in brain size were (Mantere et al., 2002; Storvik et al., 2006a Storvik et al., , 2007 . Briefly, the incubation concentration for [ 3 H]citalopram (specific activity = 82 Ci/mmol, NEN Life Science Products, Inc., Boston, MA, USA) was 1.2 nM in a phosphate buffer solution (137 mM of sodium chloride, 2.7 mM of potassium chloride, 1.8 mM of potassium phosphate and 10.1 mM of hydrosodium phosphate; pH7.4). Pre-incubation (15 min) was made in the phosphate buffer at room temperature. The incubation (90 min at room temperature) was followed by three 10 min washings in ice-cold phosphate buffer, followed by a brief dip in ice-cold distilled water. Non-specific binding was determined by incubating adjacent sections with 10 µM of fluoxetine and 0.1% ascorbic acid. Sections were exposed to radiation-sensitive film ([ 3 H]-Hyperfilm, discontinued, Amersham, Buckinghamshire, UK) for 4 weeks with tritium calibration standards. The auto-radiograms were analysed by means of computerized densitometry and the resulting pixel values were mathematically transformed into physical tissue values (pmol/g). All analyses were made blind to the clinical classification of the samples. An adjacent section from the respective level was stained with cresyl violet (Nissl staining) to serve as an anatomical correlate to the autoradiography.
Statistical analyses
The variables were standardized (with a mean of zero and a standard deviation of one) to the same mean and distribution within brain area and across the study groups by standard deviation. In order to evaluate the overall difference in [ 3 H]citalopram binding between the study groups a mean of the z-scores was calculated and statistical significance between groups was evaluated by a permutation type ANOVA (Monte Carlo P-value). Effect size for this comparison was calculated using Cohen's ƒ. Cohen's ƒ values over 0.4 were considered large. Confidence intervals for the effect sizes were obtained by biascorrected bootstrapping (5000 replications). Correlation coefficients were calculated by the Pearson method. The α level was set at 0.05 for all tests. We used STATA (release 13.1, College Station, TX, USA) for all statistical analyses. (Fig. 2) . Statistically significant differences were observed between the study groups in the PINS, PCC and PHG (Table 2) .
No significant Pearson correlations were observed between age at the time of death and measured [ 
DISCUSSION
In the present study, we measured [ (Fig. 2) . In the follow-up analysis, low [ 3 H]citalopram binding was observed in the PINS and PCC in both alcoholic groups when compared with non-alcoholic controls (Table 2) , which is similar to previously published findings of low SERT densities in the ACC, caudate and amygdala of alcoholics (Mantere et al., 2002; Storvik et al., 2006a Storvik et al., , 2007 (Berglund et al., 2013) , or with chronic and extensive alcohol consumption or a combination of these factors. However, it should also be noted that not all brain regions with serotonergic activity seem to be affected ( Table 2) .
The PINS has a role in interoception and emotion recognition (Cauda et al., 2012; Paulus and Stewart, 2014) while the PCC has been associated with social cognition (van Veen et al., 2009; Morey et al., 2012; Sperduti et al., 2012) , and the left PCC in particular plays a critical role in the evaluation of negative social situations and emotions (Arsenault et al., 2013; Lemche et al., 2013) . Both of these regions have been associated with cue reactivity (Garavan et al., 2000; Dager et al., 2013; da Silva et al., 2013; Yokum and Stice, 2013) . Therefore, the low [ 3 H]citalopram binding presently observed in the PINS and PCC of both alcoholic groups could be responsible for the dysfunctions in cognitive inhibition associated with alcohol cravings, in addition to the altered social cognition and emotional recognition commonly presented by alcoholics (Arsenault et al., 2013; Lemche et al., 2013; Paulus and Stewart, 2014) . However, this putative serotonergic dysregulation of social cognitive processes seems to yield opposite reactions between harm avoiding type 1 alcoholics and impulsive type 2 alcoholics (Cloninger, 1995) .
HIPP and PHG are both associated with memory processes, but in the present study altered [ 3 H]citalopram binding was only observed in the PHG between the study groups ( Table 2 ). The main function of PHG seems to be in context recognition, which is related to social perceptions (Aupperle et al., 2013; Rapp et al., 2013; Shi et al., 2013; Silk et al., 2013 Lower [
